The Indian bullfrog Hoplobatrachus tigerinus and its four congeneric species arecommon frog species and distributed throughout South Asia. Due to recent human activity, they are facing a changing environment and reduction in natural population size. For effective conservation and molecular ecological studies, we therefore isolated and characterized microsatellite loci for these frogs. We obtained genomic data using an Ion Torrent PGM sequencer and designed 54 primer sets for candidate loci. By screening for polymorphic loci in individuals of H. tigerinus and its congeneric species, we isolated 27 loci as highly polymorphic microsatellite loci. Eight of these loci were commonly applicable for all species except H. chinensis. Within two populations of H. tigerinus, the total number of alleles per locus and expected heterozygosity ranged from 2 to 18 and 0.271 to 0.938, respectively. No significant linkage disequilibrium was observed across all loci, and five showed a significant deviation from Hardy-Weinberg equilibrium in some populations after Bonferroni correction. Consequently, our findings suggest that these novel markers will be applicable for conservation genetic studies across varying scales from inter-population to inter-individual.
and Indonesia (Hussain and Rahman, 1978) . Although the conservation status of H. tigerinus is "Least Concern" according to the IUCN Red List of Threatened Species (Padhye et al., 2004) , some local populations are now decreasing due to anthropological effects and rapid environmental changes, such as over-exploitation for food, development of infrastructure, and water pollution by pesticides and agrochemicals (Islam et al., 2012) . Thus, for future conservation purposes, the intra-specific genetic diversity of this species reflecting its natural evolutionary history needs to be understood before local populations become extinct. Alam et al. (2008) studied the phylogeography of this species and clarified broad intraEdited by Yoko Satta * Corresponding author. E-mail: tigawa@hiroshima-u.ac.jp † Deceased in 2012 GGS89(3)k05 specific genetic diversity using mitochondrial genes, but finer-scale population structure and genetic variation within populations remain unknown. Furthermore, H. tigerinus could be a key species for monitoring ecosystem status, because of its multiple roles as a primary and secondary consumer and detritivore in the food chain and its semi-permeable skin, which, in common with other amphibian species, is sensitive to environmental changes. Notably, this species mainly inhabits agricultural fields such as paddy, where environmental pollution is being caused by agrochemicals. Therefore, demographic dynamics inferred from the finer-scale population genetics of H. tigerinus should provide important information for conservation and management of this species and also of the natural environment in the South Asian region.
Microsatellites are highly polymorphic neutral molecular markers that can be used for such finer-scale genetic research in evolution and ecology. However, obtaining nucleotide sequence data for microsatellites and their flanking regions of a target species using traditional methods requires cost and time, especially for screening, cloning and sequencing of microsatellite regions. To overcome these obstacles, next-generation sequencing has achieved faster and higher throughput and enabled researchers to obtain a huge amount of nucleotide sequence data at once. Indeed, hundreds of microsatellite loci were isolated without any screening steps using the Roche 454 sequencing platform (e.g., Clay et al., 2010; Csencsics et al., 2010) . In this study, we applied this strategy using another new sequencer, the Ion Torrent PGM, for isolation of microsatellite loci of H. tigerinus. In addition, we also validated cross-amplification in four congeneric species.
Genomic The sequencing yielded 537,649 reads longer than 150 bp. From these raw sequence reads, we found 1,344 di-, 463 tri-, 589 tetra-, 161 penta-and three hexanucleotide repeats using the default setting of MSATCOMMANDER ver. 1.0.8 (Faircloth, 2008) . Of these, we selected a total of 54 microsatellite loci from reads having the largest number of repeats for each of three repeat types (22 loci for di-, 16 for tri-and 16 for tetranucleotide repeats) and tested amplification and polymorphism. Primer pairs for each locus were designed by Primer3 ver. 2.2.3 (Rozen and Skaletsky, 2000) . We employed a post-labeling method for visualizing PCR fragments in subsequent genotyping on a Genetic Analyzer. In brief, this method uses universal primers labeled with fluorescent dyes and nested PCR of amplified products obtained from a specific primer pair for each locus. For the nested PCR, one of the specific primers for each locus needs to be attached to an oligonucleotide that is complementary to the universal primers. Therefore, we used two different universal primers, M13tag (Schuelke, 2000) and BStag (Shimizu and Yano, 2011) , and attached their complementary oligonucleotides to the 5′ ends of forward primers of 30 (10 each of di-, tri-and tetranucleotide repeats) and 24 (12 di-, six tri-and six tetranucleotide repeats) loci, respectively. We first tested PCR amplification of all loci, using eight samples comprising one or two representatives of each of the five Hoplobatrachus species. We then tested polymorphism of stably amplified loci using four samples from the Vola population of H. tigerinus. The PCR for amplification confirmation was carried out in a 10-μl volume containing 5 μl of Emerald Amp MAX PCR Master Mix (Takara Bio, Otsu, Japan), 1 μl of 10 μM primer pairs, and 50 ng of genomic DNA. Thermal cycling was performed under the following conditions: 94°C for 5 min; 35 cycles of 94°C for 30 s, 58°C for 30 s and 72°C for 30 s. PCR products were electrophoresed on a 2% agarose gel and visualized by UV light after staining with ethidium bromide.
Of these 54 loci, 48 (26 loci of M13tag and 22 loci of BStag) were amplified, judging by the presence of clear bands on the gel in most of the samples, and were then genotyped by post-labeling PCR and electrophoresis on a 3130xl Genetic Analyzer (Life Technologies). M13 and BStag universal primers were labeled with HEX, FAM, NED or PET fluorescent dyes. For validation of polymorphisms and genotyping, we used two reagents, Emerald Amp PCR Master Mix (Takara Bio) and KOD FX Neo (TOYOBO, Osaka, Japan) for M13tag and BStag primers, respectively. For M13tag primers, PCR was carried out in a 10-μl volume containing 5.0 μl of 10 μM 2 × Emerald Amp PCR Master Mix, 0.1 μl of 5 μM tagged forward primer, 0.2 μl of 10 μM reverse primer, 0.1 μl of 5 μM M13 fluorescent primer, 1.0 μl of template DNA and ddH 2 O. Thermal cycling was performed under the following conditions: 94°C for 3 min; 30 cycles of 94°C for 30 s, 58°C for 30 s and 72°C for 30 s; eight cycles of 94°C for 30 s, 53°C for 30 s and 72°C for 30 s; and a final extension period of 72°C for 10 min. For BStag primers, PCR was carried out in a 10-μl volume containing 4.8 μl of 2 × KOD FX Neo buffer, 1.6 μl of 2 mM dNTP mix, 0.2 μl of 1 unit/ μl KOD FX Neo, 1.6 μl primer mix (0.1 μl of 5 mM of each labeled forward primer, 0.2 μl of 5 mM of each unlabeled reverse primer and 0.1 μl of 5 μM of each fluorescent primer (5′-modified with FAM, HEX, NED or PET)), 1.0 μl of template DNA and ddH 2 O. The thermal cycling conditions were the same as those for the M13tag amplification except that the elongation temperature was 68°C instead of 72°C and the annealing temperature was 49°C instead of 53°C in the final eight cycles. The PCR products were electrophoresed on a 3130xl Genetic Analyzer (Life Technologies) together with GeneScan LIZ 500 (Life Technologies) as an internal size standard, and genotyped using GeneMapper 4.0 (Life Technologies). Finally, we screened 27 loci (16 and 11 loci with M13tag and BStag primers, respectively) which were polymorphic and stably genotyped (Table 1) . Of the different repeat unit lengths, the tetranucleotide repeat was the commonest among the polymorphic loci (10 of di-, 6 of tri-and 11 of tetranucleotide repeats) and had a slightly higher success rate of marker development than the others (45.5% of di-, 37.5% of tri-, and 68.8% of tetranucleotide repeats), although the difference was not significant (P = 0.504, Fisher's exact test).
Using these 27 loci, we genotyped two populations of H. tigerinus and validated cross-amplification in the conge- neric species H. litoralis, H. crassus, H. occipitalis and H. chinensis by the same procedure as described above. For genotyping, we checked the combination of loci for multiplex PCR of the BStag loci, and combined eleven loci into three multiplex reactions (Table 1) . We first checked the plausible occurrence of null alleles using Micro-Checker 2.2.3 (Oosterhout et al., 2004) and calculated the number of alleles (N a ), observed heterozygosity (H O ) and expected heterozygosity (H E ) in each population using GenAlEx 6.5 (Peakall and Smouse, 2012) . Fixation index (F ST ) values were also calculated using Arlequin version 3.5.1.2 (Excoffier and Lischer, 2010) . Tests for deficiency of Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) were performed using GENEPOP version 4.2.1 (Rousset, 2008) . Polymorphic information content (PIC) for two populations of H. tigerinus was calculated using Cervus 3.0 (Kalinowski et al., 2007) . Within these two populations, the observed N a ranged from 2 to 18, and the H O and H E ranged from 0.313 to 1.000 and from 0.271 to 0.938, respectively ( Table 2 ). The number of crossamplified loci in each species appeared to correspond to the relatedness on the phylogenetic tree (Alam et al., 2008) . Within populations of all species, no evidence of significant LD deviation was observed in any combination of loci after Bonferroni correction, and five loci indicated significant deviation from HWE after Bonferroni correction (P < 0.0005): Htigr1262 in the Sunamganj and Vola populations, Htigr1163, Htigr156 and Htigr409 in the Vola population, and Htigr1163 and Htigr635 in the H. chinensis population.
In conclusion, we developed 27 newly designed microsatellite markers using the Ion Torrent PGM. Eight of these markers were commonly amplified in congeneric species except H. chinensis, which suggests their usefulness as promising genetic tools for various kinds of biological studies, especially for population genetics and conservation management of these species and also conservation of the natural environment in South Asia.
